The analysis workflow in a gear hydraulic machines of different designs. Coefficients of redistribution of moments from unbalanced hydrostatic forces. The dependences of the changes in the coefficients of redistribution of moments from the main parameters of the teeth.
Due to the simplicity of the design, gear hydraulic machines are commonplace as nonregulated pumps used to supply non-adjustable pumps applied for small capacity hydraulic transmission with throttle control for lubrication supply and the systems control supply. Geared hydraulic transmission machines are the reversible mechanisms, being the simplest and having the lowest cost of all hydrostatic machines. However, they have failed to find a wide application in the transmission vehicles due to the complexity of continuous variable torque provision at the output shaft and its rotation speed change. The problem of the geared hydraulic machines regulation is solved by their converting into hydro-mechanical differential mechanisms 1 .
Forces and torques in gear hydraulic machines
The use of the geared motors and hydraulic pumps as actuating mechanisms in the differential hydrostatic transmissions is based on their following properties 2, 3 : -Geared hydraulic machines can easily be transformed into a differential mechanism, where the central gear is leading in case of the hydraulic pump, or driven in case of the hydraulic motor; the gears scoring at least two and installed on the axes in a moving body are the satellites; -The flow rate value on each of the gears varies with the size of the gears and, consequently, with the change of the gear transmission ratio there between; -
The flow rate addition occurs partly due to the forces in the toothed wheel gearing interaction by power transmission from one gear to another, and partly due to overcoming of the resistance moments caused by the action of unbalanced hydrostatic forces of fluid pressure, which create unequal circumferential moments on each of the gears. Moments applied to the gears of the gearing hydraulic machine are determined by the effect of the fluid pressure forces to the same areas, which determine the supply process formation. To calculate the supply presented at the Figure 1 By a uniform rotation of the gears, the power imparted to the working fluid:
.. (1) where dV -the volume pumped into the pressure line during the time dt; p 1 , p 2 -suction pressure and discharge respectively, MPa; p í -pump pressure, MPa.
This energy is brought to the liquid as moments M 1 and M 2 supplied from the driving shaft to the gears for overcoming of loads, which occur on the gears due to unbalanced hydrostatic forces. Neglecting the losses, the balance of power on two gears shall be as follows:
where M 1 , M 2 -moments of resistance on the master and the slave wheels, N·m; ω 1 , ω 2 -angular velocity of rotation of driving and driven wheels; ϕ 1 , ϕ 2 -be the angles of rotation of the respective gears. (4) where b -the width of the gears, M; R a1 , R a2 -the radii of the circumferences of the tops of the teeth, m.
The mean value of torque on the diving gear is calculated for them, as for other hydraulic machines, by the formula:
.. (5) where V 0 -the working volume of the hydraulic machine, m 3 . Bearing in mind that the pump supply presents a volume change in a time period, we get the following:
... (6) The distances ρ 1 and ρ 2 can be determined from Figure 1 by the cosine law.
where R w1 è R w2 -the radii of the pitch circles of the gears, m; f -the distance from the hooking points to the pole, m; α w -pressure angle, º.
The final formula for determining the pump flow shall be written as follows: 
That means, part of the flow rate is taken up directly on the driving gear (on the hydraulic pump shaft), and the other part -on the driven wheel of the hydraulic pump, and is transmitted through the gear ratio from the driven wheel to the hydraulic pump shaft. The moments change schedule from the output rotation angle of the pump shaft is shown in Figure 2 .
Taking into the account the formula (9), the expression (10) shall be written as:
One duty cycle of the machine corresponds to the gears rotation to the angular pitch of At quadratic law of the moment change, the values Ì max and Ì min enable to determine the mean value of the moment Ì è.ò .
The average (theoretical) values of the resistance moment M 1 and M 2 can be expressed in terms of the driving and driven gears supply respectively, at turning to an angle step. ... (25) The dependence of the coefficient λ H of the hydro-pump with external gear engagement on the gearing parameters are shown in Figure 3 .
The conclusion following the formula (25) and the schedule analysis can be that the greatest impact on the coefficient λ H is rendered by the transmission ratio of the hydro-pump value and the gearing angle α w . The increase in the number of driven wheels of the pump shall not affect the redistribution of moments [6] .
The hydraulic pumps with internal gearing also manifest a redistribution of moment between the driving and driven gears, but the value of the coefficient λ H is different; it also depends on either the outer or the inner wheel is driving.
We shall consider the Figure 4 to calculate the resistance moments in hydraulic pumps with an internal driving wheel, where the gears of the hydro-pump are replaced by flat systems, where the point A -is a gearing point at a given moment of time t. Direct lines O 1 À = ρ 1 and BA= ρ 2 , as well as the direct lines O 1 F 1 and B 2 F 2 , separate areas of suction and injection 7, 8 . 
where R f2 -radii of the circles of teeth cavities crown wheel, m.
Distances ρ1, ρ2 and R can be determined from the Similarly to the pump with the external engagement gears, the moments M 1cp and M 2cp are determined through the driving and driven gears supply respectively at turning to an angle step by the formulas: The coefficient λ H of the pump with internal gearing dependence on the parameters of the gearing engagement with an internal driving wheel is shown in Figure 5 .
where R f1 -the radii of circles of the tooth of the crown wheel, m.
Distances ρ 1 , ρ 2 and R can be determined from the Figure 5 . 
